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Abstract

Background The Fistula Risk Score (FRS), a ten-point scale that relies on weighted influence of four variables, has been shown
to effectively predict clinically relevant postoperative pancreatic fistula (CR-POPF) development and its consequences after
pancreatoduodenectomy (PD). The proposed FRS demonstrated excellent predictive capacity; however, external validation of
this tool would confirm its universal applicability.

Methods From 2001 to 2012, 594 PDs with pancreatojejunostomy reconstructions were performed at three institutions. POPFs
were graded by International Study Group on Pancreatic Fistula standards as grades A, B, or C. The FRS was calculated for each
patient, and clinical outcomes were evaluated across four discrete risk zones as described in the original work. Receiver operator
curve analysis was performed to judge model validity.

Results One hundred forty-two patients developed any sort of POPF, of which 68 were CR-POPF (11.4 % overall; 8.9 % grade B,
2.5 % grade C). Increasing FRS scores (0—10) correlated well with CR-POPF development (p <0.001) with a C-statistic of 0.716.
When segregated by discrete FRS-risk groups, CR-POPFs occurred in low-, moderate-, and high-risk patients, 6.6, 12.9, and
28.6 % of the time, respectively (p <0.001). Clinical outcomes including complications, length of stay, and readmission rates also
increased across risk groups.

Conclusion This multi-institutional experience confirms the Fistula Risk Score as a valid tool for predicting the development of
CR-POPF after PD. Patients devoid of any risk factors did not develop a CR-POPF, and the rate of CR-POPF approximately
doubles with each subsequent risk zone. The FRS is validated as a strongly predictive tool, with widespread applicability, which
can be readily incorporated into common clinical practice and research analysis.

Keywords Fistula Risk Score - Pancreaticoduodenectomy -
Pancreatic fistula - Risk prediction - POPF

The original article was submitted after oral presentation at the SSAT 5/
20/2013 and The Pancreas Club 5/18/13
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toduodenectomy (PD) is postoperative pancreatic fistula

J. D. Christein (POPF). This problem has been shown to directly lead to other
Department of Surgery, University of Alabama, Birmingham complications, an overall increase in morbidity, longer hospi-
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S. W. Behrman Study Group on Pancreatic Fistula (ISGPF) defines a thresh-
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accepted definition for POPFs, opening the field to further
study of the prediction and management of these ominous
events.” Distinct risk factors for [SGPF CR-POPFs have since
been identified as small duct size, soft gland texture, high-risk
pathology (anything other than pancreatic cancer or pancrea-
titis), and increased blood loss, although some prediction
scales have been based selectively on only certain subsets of
these factors.™"!

The Fistula Risk Score (FRS) is a prospectively validated
scale that predicts development of CR-POPF after PD based
upon the four aforementioned risk factors for CR-POPF,
which were originally discerned from a multivariate analysis
of 18 preoperative and 24 intraoperative factors.'> The FRS
refined these elements to be a small pancreatic duct size of less
than 5 mm, soft gland texture, any pathology except chronic
pancreatitis or pancreatic adenocarcinoma, and blood loss of
greater than 400 mL. Derived at a single institution, the
proposed FRS was a ten-point scale based on the proportional
weights of these four variables and it demonstrated excellent
predictive capacity with a concordance index of 0.942.
Historically, preoperative prediction of POPF has hardly ever
disqualified patients needing resection, or changed the course
of postoperative care. The FRS, however, can be tabulated
intraoperatively at the point of the creation of the pancreatic
anastomosis and can therefore change the course of
intraoperative decision making and even postoperative care.

As a part of the creation of the FRS, it was prospectively
validated internally at the institution of origin. Since its intro-
duction, the FRS has also been shown to correlate to compli-
cation severity using the Postoperative Morbidity Index
(PMI).">!'* This correlation was seen both in terms of the
overall PMI (including all postoperative complications) and
the PMI specific to complications directly caused by the
fistula. Although the FRS has already been internally validat-
ed and shown to predict morbidity in a quantified fashion, the
current study seeks to externally validate this tool using a
multi-institutional approach in order to confirm its universal
applicability.

Methods

This study was conducted under Institutional Review Board
(IRB) consent at the Hospital of the University of
Pennsylvania (HUP). Four IRB-approved prospectively ac-
crued and retrospectively reviewed databases at HUP, the
University of Alabama at Birmingham (UAB), and Baptist
Memorial Hospital, and The University of Tennessee Health
Science Center, Memphis (UTHSC) were used to identify
patients for the study cohort. Between 2001 and 2012, four
pancreatic surgical specialists (CMV, JAD, JDC, and SWB)
performed PDs for a full spectrum of indications—all with a
duct-to-mucosa pancreatojejunostomy reconstruction. No

alternative methods of anastomosis were included in this
study. One surgeon (CMV) participated in the original devel-
opment of the FRS at another institution. Only operations
performed in his current practice at HUP (2011—present) were
included in this unique dataset.

Intraoperatively placed drains were situated in the proxim-
ity of the pancreatic anastomosis in most patients, and the
drain amylase activity was tested at various points after post-
operative day 3, both according to the individual surgeon's
preferences. The highest value encountered served as the basis
for defining the presence of a POPF (greater than 3x the
normal serum amylase level) or not. All variables, including
index length of stay as well as readmissions, overall compli-
cations, fistula-related complications, and mortality (all mea-
sured up to 90 days), were identified from these practice-
centered databases. Although it was analyzed in the original
paper, the current study was unable to assess the hospital costs
at these particular institutions. Similarly, the individual sur-
geon's presumed preventative measures against fistulas (e.g.,
the use of anastomotic stents, prophylactic octreotide, and
tissue sealants) were not specifically evaluated on a patient-
by-patient basis in this analysis; however, general trends in
use were discerned and are summarized in Table 1.

The four risk factors for CR-POPF development necessary
to calculate the FRS (soft pancreatic parenchyma, increased
blood loss, small duct size, and high-risk pathology) were
identified from the operative notes of the attending surgeons
at each institution. Each of the risk factors was assigned a
discrete numerical value based on the odds ratios set forth in
the original paper and summarized in Table 2.'> Two variables
(gland texture and pathology) are dichotomous, while the
weight of estimated blood loss escalates from 400 mL upward.
Conversely, the risk impact of duct size is inversely propor-
tional as the pancreatic duct diameter decreases from 5 mm.
The duct size was measured intraoperatively by placing a
flexible ruler against the face of the pancreatic transection
plane. The gland texture was determined by the operating
surgeon as either soft or firm and was not correlated to any
histologic analysis. The individual FRS scores were then
determined by summing the values for each risk factor for
any patient. These values could escalate in risk from zero to
ten. For more practical use, each individual FRS score fell into
one of four risk zones as defined in the original paper; negli-
gible risk (0 points), low risk (1-2 points), moderate risk (3—6
points), and high risk (7-10 points).'?

ISGPF POPFs were identified by the required drain fluid
amylase content greater than three times the normal limit
(generally 300 IU/L) and calculated according to the standards
set out by the Pancreas Club calculator for POPF.'>' These
fistulas were categorized into either “biochemical only” (grade
A) or “clinically relevant” (grades B and C) groups. The
patients who did not have a raised pancreatic drain amylase
level were slated into the “no fistula” group. The severity of the
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Table 1 Variation of strategies of

fistula mitigation by surgeon Intervention Surgeon 1 Surgeon 2 Surgeon 3 Surgeon 4
Anastomotic stent Almost always stents Never stents Always stents Almost always
(external) (internal) stents (internal)
Prophylactic Never uses Usually uses Never uses Always uses
octreotide (with evident
risk factors)
Externalized Always uses one Always uses one Always uses Sometimes (20 %)

operative drains

Jackson-Pratt

Blake drain one Blake

drain

uses one
Jackson-Pratt

fistula was based on the medical or surgical interventions used
to treat the fistula until 90 days postoperatively.

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences, version 20 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics were accrued and
analyzed to determine appropriate rates of occurrence. All
continuous variables were scrutinized using analysis of vari-
ance, Student's paired ¢ tests, and linear regression. All tests
were considered significant at p <0.05.

Results

Over 11 years, 594 patients underwent PD with pancrea-
tojejunostomy reconstruction at three institutions (N;=306,
N,=152, and N3=136). The mean age was 62.2 years and
49.2 % were male. One hundred forty-two patients developed
any sort of POPF (23.9 %), of which, 68 were clinically
relevant (11.4 % overall; 8.9 % grade B, 2.5 % grade C).
Grade A fistulas, which have not previously been shown to be
predicted by the FRS, occurred in 74 patients (12.4 % overall).
A third of the patients had no complications (N=194), and
258 suffered a complication not associated with a pancreatic

fistula. When a CR-POPF occurred, antibiotics were used in
8.9 % of patients while supplemental nutrition and
interventionally placed percutaneous catheters were each re-
quired 6.2 % of the time. A total of six out of 21 overall deaths
(3.5 % overall 90-day mortality) were directly attributable to
pancreatic fistula.

At least one risk factor for CR-POPF was present in 528
patients (88.9 %), while 67.3 % had multiple factors present.
Malignancy or chronic pancreatitis was the indication for
surgery in 52.7 % of the patients, leaving the additional
47.3 % as “high-risk” pathology (cystic neoplasms, ampullary
cancer, neuroendocrine tumors, etc.). Roughly half the pa-
tients (N=304) had a pancreas with soft parenchyma; con-
versely, fewer than 5 % suffered excessive blood loss
(>1,000 mL). Additionally, the rate of soft gland texture
increases as the pancreatic duct size diminishes (R*=0.0851;
Fig. 1). Table 3 compares features between this series and the
original FRS developmental dataset and shows generally sim-
ilar patient demographics, individual risk factor prevalence,
and POPF occurrence between the two study cohorts.

Figure 2 demonstrates the distribution of Fistula Risk
Scores across this multi-institutional cohort. The most com-
monly encountered Fistula Risk Score was 2 (14.1 %), while

Table 2 Fistula Risk Score for

prediction of clinically relevant Risk factor

Parameter Points

pancreatic fistula (CR-POPF) af-

ter pancreatoduodenectomy Gland texture

Pathology

Pancreatic duct diameter

Intraoperative blood loss

From Callery et al.”?

Firm

Soft

Pancreatic adenocarcinoma or pancreatitis
Ampullary, duodenal, cystic, islet cell, etc.
>5 mm

4 mm

3 mm

2 mm

<l mm

<400 ml

401-700 ml

701-1,000 ml

>1,000 ml

W N = O b WD~ O = O N O

Total 0 to 10 points
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Fig. 1 Association of pancreatic

Duct size vs. Soft gland texture R? = 0.85099

duct size with soft gland texture 100.0%

90.0%

89.8%
77.3%

80.0%
70.0%
60.0%

50.0%
40.0%
30.0% +
20.0%

% Soft Gland

10.0%
0.0%

25mm

the least frequent score was 10 (only a single patient). Most
patients in the series segregated into the moderate-risk group
N=302 (51 %). The mean, median, and mode of the FRS were
3.54, 3, and 2, respectively, for this series, indicating that most
patients harbor a relatively modest level of risk for CR-POPF
development. Importantly though, increasing FRS scores

Table3 Comparison between the original and external validation Fistula
Risk Score cohorts

Variable Original External
study® validation
Total patients, n 445 594
Age, mean 63.1 62.2
Gender (male), n (%) 237 (53.3) 292 (49.2)
Pancreatic fistula occurrence, n (%)
No fistula 352 (79.1) 452 (76.1)
Patients with POPF 93 (20.9) 142 (23.9)
ISGPF grade A 35(7.9) 74 (12.5)
Patients with CR-POPF 58 (13.0) 68 (11.4)
ISGPF grade B 50(11.2) 53(8.9)
ISGPF grade C 8(1.8) 15(2.5)
Risk factors, n (%)
Soft gland texture 219 (49.2) 304 (51.2)
High-risk pathology 297 (66.7) 279 (47.0)
Pancreatic duct diameter (<5 mm) 332 (74.6) 430 (72.4)
Estimated blood loss (>400 mL) 163 (36.6) 216 (36.4)
Fistula Risk Score
Average 2.68 3.54
Median 3 3
Mode 0 2
C-statistic 0.942 0.716
Fistula Management
Antibiotics for fistula, N (%) 45 (10.1) 53 (8.9)
Supplemental nutrition for fistula, N (%) 18 (4.0) 37(6.2)
Percutaneous drainage for fistula, N (%) 11 (2.5) 37(6.2)

POPF postoperative pancreatic fistula, CR-POPF clinically relevant
postoperative pancreatic fistula

2 Callery et al.'

<lmm

4mm 3mm 2mm

Duct Size (mm)

(0-10) correlated well with CR-POPF development
(»<0.001) with a concordance index of 0.716. When segre-
gated by defined FRS-risk groups, CR-POPFs occurred in 11
low-risk patients (6.6 %), 29 moderate-risk patients (12.9 %),
and 18 high-risk patients (28.6 %) (R>=0.944; Fig. 3). There
were 63 patients (10.6 %) with an FRS of 0 (negligible risk);
none of whom developed a CR-POPF. As suggested in the
original paper, this series could not show that the FRS can
distinguish grade B and grade C CR-POPFs. The proportion
of grade C fistulas to all CR-POPFs remained fairly consis-
tent, spanning from 18.1 to 25.6 to 16.7 % across the low-,
moderate-, and high-risk FRS zones, respectively. In addition
to CR-POPF increasing across risk zones, grade A fistulas
showed the same trend (Table 4; p <0.001 for both).

Table 4 shows that overall complication rates increased
significantly through the risk zones. The median duration of
hospital stay for the entire series was 9 days and increased
steadily across risk zones (p <0.001) to the point where high-
risk patients stayed over a third longer (three extra days) than
those with negligible risk. There were 106 readmissions in the
entire series (17.8 %), and 33 readmissions in the cohort who
developed any POPF (23.2 %), a majority of which (24
patients, 35.3 %) were in the group who suffered a CR-
POPF, suggesting that pancreatic fistula is a significant driver
of readmission following PD. Additionally, for the entire
cohort, overall readmissions, as well as readmissions for the
patients with POPFs, increased with escalating FRS-risk
zones (Table 4, p <0.001).

The overall C-statistic for the series was 0.716. Variability
between the C-statistics of individual surgeons was seen in
this series (surgeon 1, N=306, C-statistic=0.538; surgeon 2,
N=136, C-statistic=0.836; surgeon 3, N=125, C-statistic=
0.753; surgeon 4, N=27, C-statistic not calculated due to a
very low observed CR-POPF rate). Additionally, Table 5
shows that the average FRS vacillated between institutions
(»<0.001) as did the CR-POPF rate (p <0.001). Similarly,
differences in the median and mode FRS were also seen across
institutions. These disparities are explained by the variability
between the overall breakdown of the four component CR-
POPF risk factors seen between institutions (gland texture,
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Fig. 2 Distribution of Fistula
Risk Scores out of the total cohort

Distribution of Patients by FRS

16.0%
of 594 patients. Numbers above
each column reflect the N for that
particular risk score

14.0%

12.0% 4+

% of Patients
o
g

p=0.008; pathology, p <0.001; duct size, p <0.001; estimated
blood loss, p <0.001; Table 5).

Discussion

Pancreatic fistula remains the most troublesome complication
after pancreatectomy. These problems lead to increased clin-
ical and financial burden on the patient and the medical
systems overseeing their convalescence by adding to postop-
erative complication severity, overall duration of stay,
readmissions, reoperations, and even demise.' > Despite
the best efforts of surgeons and even with the improved
consensus definition of POPF, clinically relevant fistula rates
have thus far remained constant at around 15 % after PD.’
Callery et al. have devised an intraoperative prediction tool,
the Fistula Risk Score, in order to assess the risk of developing
this morbid problem after pancreatoduodenectomy.'” The
FRS allows for preemptive intraoperative measures to poten-
tially minimize development of pancreatic fistula and repre-
sents a shift away from reactive treatment after fistula occur-
rence and towards proactive prophylaxis. Although the FRS

Fig.3 The difference between all

83

" Negligible Risk N=63
™ Low Risk N=166

" Moderate Risk N=301
® High Risk N=64

FRS Score

has already been internally validated in a prospective fashion,
this current multi-institutional experience confirms that the
Fistula Risk Score is a valid tool for predicting the develop-
ment of CR-POPF in patients undergoing PD. It also rein-
forces that the FRS correlates strongly with adverse outcomes
and resource utilization.

An important similarity to note between this and the orig-
inal study is that patients devoid of any risk factors never
developed a CR-POPF. This means that no patient in the
negligible risk zone, in either study, suffered a clinically
relevant fistula and suggests that this may be a targeted pop-
ulation who may not benefit from the placement of
intraoperative drains near the pancreaticojejunal anastomosis.
It should, however, be emphasized that the four risk factors
portrayed in the FRS are not the sole elements of risk any
patient may be faced with. This is why the lowest risk cate-
gory has been termed “negligible” risk and not “no risk”.
Obviously, conditions like steroid dependence, poor nutrition
status, and impaired wound healing may contribute to anasto-
motic breakdown. It also cannot be stressed enough that
impeccable surgical technique and attention to detail is pre-
requisite for a successful pancreaticoenteric reconstruction.

FRS Risk Zone vs. CR-POPF Occurrence RZ = 0.94401

comparisons was significant at
p<0.001

35.0%

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

% of Patients with a CR-POPF

0.0%

-5.0%
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Table 4 Postoperative outcomes grouped by FRS risk zones

Variable

Risk profile (model score)

Negligible risk (0 points) Low risk (1-2 points) Moderate risk (3—6 points) High risk (7-10 points) P value

Patients, N (% total)
POPF, N (%)
CR-POPF, N (%)
ISGPF classification, N (%)
No fistula
Grade A
Grade B
Grade C
Any complication, N (%)
Hospital Duration, median
Readmission, N (%)

Readmission for fistula, N (%)

63 (10.6)
1(1.6)

62 (98.4)
1(1.6)

32 (50.8)
8

10 (15.9)
0 (0.0)

166 (27.9)
19 (11.4)
11 (6.6)

147 (88.6)
8 (4.8)
9(5.4)
2(1.2)

97 (58.4)
9

24 (14.5)
3 (15.8)

301 (50.7) 64 (10.8) -
90 (30.2) 32 (50.0) <0.001
39 (12.9) 18 (28.1) <0.001

211 (70.1) 32 (50.0) <0.001
51(16.9) 14 (21.9) <0.001
29 (9.7) 15 (23.4) <0.001
10 3.3) 3(4.7) <0.001

216 (71.7) 55 (85.9) <0.001

10 1 <0.001
51(16.9) 21 (33.3) <0.001
19 (21.1) 11 (34.4) <0.001

Such factors were not adequately measurable to be included in
the original risk assessment model used to derive the FRS.
Additionally, although there is a strong correlation between

small duct size and soft pancreas texture, it is not absolute.
Figure 1 shows that while this correlation increases steadily
from a duct size of at least 5 mm down to 2 mm, it actually

Table 5 Distribution of risk factors and CR-POPF rates (overall and by institution)

Risk factor Overall Institution 1 Institution 2 Institution 3 P value
Gland texture, N (%)
Soft 304 (51.2) 145 (47.4) 96 (63.2) 63 (46.3) 0.008
Firm 290 (48.8) 161 (52.6) 56 (36.8) 73 (53.7) 0.008
Pathology, N (%)
High risk 279 (47.0) 118 (38.6) 100 (65.8) 61 (44.9) <0.001
Low risk 315 (53.0) 188 (61.4) 52 (34.2) 75 (55.1) <0.001
Duct size, N (%)
>5 mm 164 (27.6) 93 (30.4) 16 (10.5) 55 (40.4) <0.001
4 mm 122 (20.5) 70 (22.9) 35(23.0) 17 (12.5) <0.001
3 mm 159 (26.8) 91 (29.7) 42 (27.6) 26 (19.1) <0.001
2 mm 127 (21.4) 41(13.4) 51 (33.6) 35(25.7) <0.001
1 mm 22 (3.7) 11 (3.6) 8(5.3) 3(22) <0.001
Estimated blood loss, N (%)
<400 mL 378 (63.6) 226 (73.9) 66 (43.4) 86 (63.2) <0.001
401-700 mL 149 (25.1) 54 (17.6) 53 (34.9) 42 (30.9) <0.001
701-1,000 mL 39 (6.6) 19 (6.2) 159.9) 5@3.7) <0.001
>1,000 mL 28 (4.7) 7(2.3) 18 (11.8) 3(22) <0.001
Fistula Risk Score analysis
Average 3.54 3.07 4.82 3.16 —
Median 3 3 5 3 —
Mode 2 2 7 6 -
C-statistic 0.716 0.538 0.753 0.836 -
Fistula rates
CR-POPF, N (%) 68 (11.4) 17 (5.6) 14 (9.2) 37(27.2) <0.001
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decreases from 2 to 1 mm duct size. This is likely why these
two variables were independently significant in the original
o0dds ratios developed by Callery et al.'?

Also similar to the original study, in the current analysis,
the FRS was still unable to differentiate between the two types
of CR-POPF (ISGPF grades B and C). However, the most
important finding is that as the FRS risk zone increased, the
rate of CR-POPF approximately doubled with each subse-
quent increment. This means a patient in the high-risk group
was over four times as likely to develop a CR-POPF as a
patient in the low-risk group. Using the information provided
by the FRS, a surgeon can perhaps alter intraoperative tech-
niques, such as type of anastomotic reconstruction, applica-
tion of octreotide, drain usage, or other prophylactic tech-
niques. This knowledge may also assist the surgeon's decision
making in the postoperative recovery period. For instance, the
timing of drain removal may be influenced; higher FRS scores
could perhaps warrant a more cautious management approach,
realizing they are more likely to incur a CR-POPF.

One discrepancy of note between the current and original
studies is the lower concordance index that was found in this
multicenter assessment (0.716 vs. 0.942). This means that for
any given patient, the FRS had a 71.6 % chance of correctly
predicting the occurrence of a CR-POPF. Although this is
lower than the original study;, it still indicates strong predictive
accuracy. This becomes especially apparent when weighed
against other acclaimed surgical prediction tools such as the
MSKCC Pancreatic Adenocarcinoma Nomogram (C-statis-
tic=0.62) and the Gail Model for breast cancer (C-statistic=
0.58)."”"'? The lower value of the C-statistic in this analysis is
likely attributable to the considerably decreased rate of CR-
POPF observed in the high-risk group compared to the orig-
inal cohort (29 vs. 89 %). This difference might be due to
characteristics of the patients, particular CR-POPF risk factor
profiles, variations in management styles between surgeons,
and a larger overall sample size in the current study. The
individual concordance indexes of the institutions along with
their sample size could lead to discrepancy based on the
surgical techniques and practices of the institution. Although
two of the four surgeons fit the model very well, the third and
largest single contributor to the study did not show much
concordance while a fourth surgeon did not have enough
patients with CR-POPFs (only a single incidence of CR-
POPF) to be statistically analyzed. Additionally, the difference
in risk factors for CR-POPF correlated with the CR-POPF rate
at each institution, reinforcing that these risk factors play a role
in fistula development. The surgeon with the lowest overall
risk profile was the one who did not fit the model as well,
suggesting that because of the low risk, fistulas were not often
developed.

Although grade A (biochemical) fistulas have historically
been considered innocuous, Miller et al. have shown that they
are not as harmless as originally believed.'” These regular

@ Springer

events (12.4 % in this series) have the capacity to carry some
burden. The current analysis shows that the four risk factors
for CR-POPF also forecast biochemical grade A fistulas, an
outcome not seen in the original cohort. Additionally, the
prediction of non-fistulous complications escalates with the
risk zones of the FRS in this analysis. This shows that the risk
factors that comprise the FRS also provide risk for other
potentially harmful complications contributing to the overall
morbidity after PD.

This study has several limitations. First, the data was ac-
crued from three separate individual practice databases by
various research associates. Although all variables were veri-
fied by the attending surgeon, some inconsistencies between
accrual processes may have occurred. The surgeons included
in this analysis are all surgical specialists who practice pan-
creas surgery almost exclusively at high-volume specialty
centers, so the predictive capacity of the FRS has not been
confirmed in the setting of lower-volume pancreatic surgeons
or institutions. Additionally, as discussed above, the patient
populations and fistula mitigation approaches varied between
surgeons (Table 1), although it is thought that these differences
are representative of expected differences between practices
and show a realistic idea of the variation that may affect
applicability of the FRS. A proper mathematical analysis of
variance of fistula risk and actual fistula occurrence is not
possible with this particular limited scope of surgeons and
institutions. However, we have recently initiated such an
investigation to better understand the potential variability of
fistula risk as well as actual POPF occurrence. Finally, the
three institutions were only asked to fill in a template of a
limited scope of predetermined variables so not all outcomes
(including the economic evaluation performed in the original
study) were available for analysis. However, the variables that
were accrued are thought to be adequate and representative of
the major outcomes that determine the morbidity of the post-
operative course following PD.

Conclusion

The FRS is further validated as a predictive tool with wide-
spread applicability that can be readily adopted into the prac-
tice of pancreatic surgical specialists. Since it is predicated on
variables best discovered at the time of operation, the FRS can
be used to tailor operative technique and postoperative man-
agement of patients, depending on risk factors encountered.
Depending on the risk strata the patient falls into, a surgeon
may choose to alter the anastomotic technique, forgo the
anastomosis completely, apply anastomotic stents, use pro-
phylactic octreotide perioperatively, or employ any other ap-
proach that may be of value based on either best-available
evidence or the individual surgeon's historical experience.
These management tools can also help surgeons either
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minimize unnecessary and invasive precautions in patients
with low risk or help minimize the menace of fistula in high-
risk patients. Finally, the FRS may have a role by offering a
means of risk stratification for future clinical research analyses
and trials.*’
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Discussant

Dr. David Mahvi (Chicago, IL): First, [ want to congratulate Dr. Miller
on a great presentation and a very nice study. As Dr. Mathews noted
Sunday in his presidential address, many seemingly important studies are
never validated. This study validates the previous work from the pancre-
atic group at BI Deaconess.

To put this in context: the standardization of nomenclature relative to
this complication by Mike Saar and Bill Traverso has allowed everyone to
speak the same language. Leaks rarely lead to mortality but clearly impact
quality of life in the perioperative period. The impact of leak has been
extensively studied and presented at DDW by the group at BI
Deaconness.

I have two questions:

1. So what? Why is this information helpful? Are you prepared to
NOT resect patients with a high risk of a leak. Assuming you are going to
proceed with resection: How do you use this data in preoperative decision
making?

2. Was there variability between surgeons?

3. It seemed like the site with the softest glands had the lowest fistula
rate. How do you explain this discrepancy?

I very much enjoyed your presentation.

Closing Discussant

Dr. Benjamin Miller:

1. The FRS is not meant as a means of disqualifying a patient from
resection. Although some of these variables (i.e., duct size and pathology)
can be identified in a preoperative setting, they are almost accurately
determined intraoperatively. As such, the FRS is really meant as a tool
that surgeons can use intra- and postoperatively to mitigate fistula risk in
whatever fashion they deem appropriate. This approach may include
modifications of drain use and duration, anastomosis type chosen, stent
employment, or the use of octreotide to name a few. Such decisions may
be based on the surgeon's interpretation of evidence from the literature or
rather their own experience with risky scenarios.

2. We did see some variability between surgeons in this study, but
three surgeons (the sample size from one was too small to be analyzed)
are not large enough sample to make conclusions about the meaning of
this variability. For this reason, a multi-institutional study dedicated to
variability of the FRS and actual fistula occurrence has been initiated on a
much larger scale.
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3. This discrepancy could be due to a number of different factors.
Potentially, the surgeon could already be performing optimal manage-
ment techniques to diminish fistula risk, or the resection could be
performed with a technique that compensates for this soft gland. Addi-
tionally, although the gland was soft, this result further shows that the

@ Springer

other factors that contribute to the FRS add significantly to later fistula
development. That is to say, although the gland risk was high, other
factors may have been lower to balance the risk. The importance of this
work is to demonstrate that there is more to the risk equation than the
presence of a single risk factor in isolation.
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